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| . GENERAL DESCRIPTION

The Aggregate Quality Control/Quality Assurance Program is designed to give aggregate
producers more responsibility for controlling the quality of material they produce and to utilize
the quality control information they provide in the acceptance process by the North Carolina
Department of Transportation (NCDOT). It requires aggregate producers to perform quality
control sampling, testing and record keeping on aggregates they ship foy theDepartment

Also, it requires th®epartmento perform quality assuranead verificatiorsampling, testing

and record keepinp confirmthe performance of the producers' control plan as set forth herein.

This program is designed for AggragaProducers providing Clean Coarse or FAggregates

for use on or in products such as asphalt, concrete, blockaredevhen providng any type of
aggregatehase materiaincluding cement treated base that is utilized on any type of NCDOT
Maintenancer Contract Project whether purchased by a Contractor or sold direttily to
Departmentor use on any current NCDOT right of wasphalt sand that is produced by and
utilized by the same asphalt producer shall be tested according to the provishetdaifix
Asphalt Quality Management System Manual

It is the intent of this program that acceptance or rejection of material be based on the total
program. Therefore, a comparison of the Quality Control, Quality Assunrdedécation,and
other samm@ datamaybe used by thBepartmentor acceptance or rejection of a lot of material.

Participation in this program does not relieve the producer of the responsibility of complying
with all requirements of thRCDOT Standard Specifications for Roads &tdictures

This manual contains information regarding the sampling and testing of material at the Aggregate
Producerdés facility (quarry, sand pit, sales
locations (including but not limited to: gsentNCDOT right of way, asphalt, concrete, pipe, or

block plants) may be found in other publications such asgigeegate Sampling Manuat the

Hot Mix Asphalt Quality Management System Manual



Il . PROGRAM REQUIREMENTS

A. Basic Requirements
There ae four basic requirements for approval to participate in either Section.

Thesourcemust be on the NCDOT Aggregate Physical Properties List.
Thefacility must have an approvedimuse quality control plan.

Thefacility must have a certified laboratory lmave written approval to use an-site
certified laboratory.

1 Thefacility must have a NCDOT certified quality control technician.

B. Quality Control Plan

The Producer must prepare a written quality control plan. The plan may be generic, but must be
site specific. The plan must indicate in detail how the Producer proposes to control the
equipment, materials, and production methods to insure that the specified products are obtained.
The plan must list the personnel responsible for production andyoeatirol at the site and

include information on how to contact each person. The following specific information must

also be included in the plan:

91 Identification of the physical location of the source, to include a description of the property
site and eference to the nearest identifiable points such as highways and towns.

1 A description of the signs used to identify each stockpile as intended for NCDOT usage.
Stockpile signs must be legible from the cab of a truck fifty feet from the identified pile.

1 Aloading and shipping control plan which includes a description of the methods by which
the products are to be loaded and shipped for uieehipepartmentncluding safeguards
against loading improper aggregate, contamination, degradation, and segrefjtte
aggregate. The plan must also include methods of insuring that all products are accurately
identified and that all shipping units are clean.

1 A plan for dealing with quality control sample failures. This plan must include how the
Producer planto initiate an immediate investigation and how the Producer will implement
corrective action to remedy the cause of the problem.

Two copies of the Producer's written quality control plan must be submitted with the original

request for plant approval. Tveopies of an updated Plant QC Plan must be submitted when
changes are made to the plantds operations or
Update Form must be submitted Bgcember31st of each yeaor when there is a change to the

pl ant 6 dp. Aneraenplesofithe Plant Ownership Update Form may be found in ERhibit




C. Certified Laboratory

The Program requires all tests to be conducted-atte or privatdaboratories certified by the
Department A list of certified private laborataes is provided on the Materials and Tests

website. It is expected that each source, including distribution yards, will establish and maintain
its own laboratory for the performance of quality control testing, buD#partmentill

consider a producersquest to utilize a certified laboratory in the same general vicinity. The
Producer must make this request in writing and have written apphmralthe Department

before testing aggregates off site. The equipment required for a certified labadigigdiin

Exhibit B. Records on instrument calibration and maintenance and sample collection and
analysis must be maintained at the laboratditye Departmentnay require a demonstration of

the equipmentA list of equipment can be found in Exhibit B.

D. Quality Control Technician

All samples must be taken and tested by quality control technicians certified bgghement

The Producer must designate and identify the quality control technicians responsible at each
plant. Itis imperative that NOQDT sampling and testing procedures be followed and that
NCDOT approved equipment be used in order to reduce the number of possible causes of
differences between the producer's quality control resultth@nbepartmerg quality assurance
results.

Quality control technicians may be certified as NCDOT Aggregate QC/QA Sampling
Technicians or as NCDOT Aggregate QC/QA Sampling and Testing Technicians. NCDOT
QC/QA Sampling Technicians are authorized to take samples of materials, NCDOT Aggregate
QC/QA Samplingand Testing Technicians are authorized to both sample and test materials.

At least one certified technician, either a NCDOT Aggregate QC/QA Sampling Technician or a
NCDOT Aggregate QC/QA Sampling and Testing Technician must be on site at alluirtess

prior approval has been granted by the Department for specific circumstaheasyaterial that
may be used on NCDOT Right of Way is being shippBechniciansactively testingwill be

subject to assessmswbnducted by NCDOT personradl least anndly to insure proper
procedures are followed.

Technicians are subject to loss of certification by revocation. The primary reason for the loss of
a certification by this means would be the falsifying of test results, records, or reports. Other
reasons tat might lead to loss of certification include gross negligence or apparent incompetence
on the part of the technician.

E. Plant Approval Process

The approval process requires the Producer to write the State Materials Engineer at NCDOT,
Materials and &sts Unit,1801 Blue Ridge Road, Raleigh, NC 27607, requesting that the plant
be considered for acceptance into the program. This letter must identify the(s@anhder

which the plant would like to operate. It must identify the specific productaithad be

produced. Two copies of the Producer's written quality control plan must be submitted with the
request for approval.
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Prior to plant approval, the Producer shall have produced at least 300 tons of material before it
can be sampled, tested, adted to the NCDOT Aggregate Physical Properties Aisburce

must be on the NCDOT Aggregate Physical Properties List before it would be considered for
approval for the QC/QA Prograand musimeet the general aggregate requiremeantsiding

but not limted to,L. A. AbrasiofAASHTO T96) Sodium Sulfate Soundne@SASHTO T104)

and gradation requirements (AASHTO T11, THhe aggregate must also meet the
requirements of AASHTO T106.

TheDepartmentill review the Producer's written quality controbpland if it is approved, an
onsite inspection will be scheduled. This-site inspection will verify that the Producer's

quality control plan has been implemented and is being followed and that at least one certified
guality control technician is on siand will be present when material is being shipped under this
program. The laboratory will be inspected and certified if it meets the requiremeihizsamot
already been certified. For a list of laboratory equipment required for testing, see BxHibit
either the Producer's quality control plan or laboratogsdot meet NCDOT requirements, the
Producer will be informed of the deficiencies in writing. Once the deficiencies have been
addressed, the Producer may again request approval in writimg 8tate Materials Engineer.

F. Certification for Participation in the Aggregate QC/QA Program

If the Departmenhas approved the Producer's written quality control plan and tkieon

inspection confirms that the program requirements have beethe&epartmenuill issue a

certificate, valid for one year, certifying the plant for participation in the program. At the end of

the year, and each subsequent yisa Departmenwill conduct another oite inspection and if

all requirements are contiimg to be met, the plant will be recertified for participation in the

program for another year. This annualrrgpection of the plant will be scheduled after the
Departmenhas received two copies of the Plantds u
Pl ant s ownership update form. Rantieom i nspec
Departmento verify compliance with the program requirements.

This certification will authorize the plant to operate under the applicable gegtibthis
program.



[Il. AGGREGATE SAMPLING AND TESTING PROCEDURES

Sampling and testing irequired whenmAggregatdProducer is providing clean coarse
aggregate or fine aggregate toused in asphalt, concrete, pipe, brick and hlet& It is also
requiredwhen provding any type ofaggregatébase materiaincludingcementtreatecbase that

is utilized on any type of NCDOT Maintenance or Contract Project whether purchased by a
Contractor or sold directly tihe DepartmentA description of sampling procedures can b
found in Exhibit C.

A. Producer's Quality Control

The Producer's Quality Control (QC) samples are bgeatle Producer to monitor the quality of
material being shippedhe Producer is to perform all aggregate sampling and testing in
accordance with th manual.

Quality Control Sample Thesesamples are taken by the Producer to monitor the quality of
material being shipped from an approved facility.

Lot Size- Lot sizes for aggregateshall be 2,000 tons for each size of material shippeie
Departmentor a minimum of one sample per wdek eachsizeof material whichever comes
first.

If the producer elects to hahipment for an extended period of time.(2enonths or more)
Materials and Tests must be notified.

Sampling- The certified plant technician is to obtain a sample from each lot shigped.

samples will consist of one sample per lot. The sample istkba from the stockpile,

conveyor belt or other location approved by Erepartment Stockpile samples are be taken

from the same area of the stockpile from which material is being shipped. The minimum sample
sizes foraggregatsamplesare as follows:

Aggregate Sample Weight Requirements (pounds
Material Quality Control
Clean Coarse Aggregate 20
Fine Aggregate 10
Aggregate Base Material 35

Sample Identification and Record Keepilgis critical that care be taken to properly label
samples and record test data accurately.

Producer's Quality Control samples are to be identified with consecutivieans for each size
material and stockpile; QC, QG2, etc. The samples are to be numbered consecutively for the
entire calendar year.



For ABC samples going ta@&CDOT project, he QC Sample number is to be recorded by the
Producer on the delivery tiekof the truck loaded immediately after the sample material is
obtainedn order that a RC Sample may be taken from the corresponding area of the roadway if
needed

All Quality Control test results araPto be en
System within five (5) business days of the sample being obtained.

Quality Control data for each size material is to be retained by the Producelefstaine year
and made available to tiEepartmentupon request.

Test ProceduresModifications to standard test procedures are permitted in some cases in this
program. For clean coarse aggregate, no wash test is required on the Producer's split half of the
Quality Control sample unless requested by the Department. For fine aggregate, thetwash te
with rapid drying(see ExhibitE) being allowed, is to be performed on all samptes.ABC

samples, soil mortar testing is required on all samples, see Exhibit M.

Check Samplesif the test results for a sample indicate the material does redtthee

specification requirements, a check sample is to be immediately obtained by the Producer. The
check sample is to loubled insize and taken in the same manner as the original sample. The
sample is to be clearly identified and split with one tedfed by the Producer and the other half
providedto theDepartment

If the check sample indicates the material meets the specification requirements, the Producer is to
record on the test report form what is felt to be the reason for the originat faild then may
resume normal testing procedures.

If the check sample indicates the material does not meet the specification requirements, the
Producer is to notify thBepartment The Producer is to immediately initiate an investigation to
determine tk cause of the failure. The investigation is to include a review of the sampling
procedures, the equipment used in the production and the testing of the material, and the testing
procedures of the technician. If the cause can be attributed to oneabbtrecategories, the
Producer is to take corrective action to bring the material, equipment, or procedure into
compliance. The Producer is to then record the corrective action on the test report form and take
another check sample after the correctionselmeen made. The check sample is tddaeébled

in size and taken in the same manner as the original sample. The check sample is to be clearly
identified and split with one half tested by the Prodacef the other half provided to the
Departmentor Qudity Assurance (QA) check sample

If the second check sampltalicates the material meets the specification requirements, the
Producer may resume normal testing procedures.

If the second check sample indicates the material does not meet the spatifegiirements,
the Producer is to notify tHeepartmentnd stop the shipment of material. The Producer is to



continue the investigation into these failures and work witlDey@artmento determine the
cause.

All check samples will belentifiedandfollow the previous sample in consecutive order. (i.e.,
QC-7,QG8, QGY)

7. Noncompliancé If the Producer has failed to meet the minimum sampling frequencies
described above, the Department will request in writing that the Producer explain the
circumstances related to the incident. The Producer must respond in writing postmarked within
one week of receipt of the request. If the Department finds the response inadequate, the
Department will notify the Producer of the deficiencies and may removeaheffdm the
Program. If the Producer does not respond in writing, the Department may remove the plant
from the Program. If removed from the Program, the Producer may request to hataathe
reinstated once correeé actionshave beeraken.

8. Roadway Sampling Producer's Roadway Quality Control (RC) samples are used to
check the quality of the iplace material on a project. These samples may be taken by the
Producer or Contractor from any lot of material. They will primarily be taken todao
additional information concerning the quality of a lot of material for which the Quality Control
samples at the plant did not meet the specification requirements or from a sub lot of material that
has been corrected on the roadway. The minimum sasizgléor RC samples is fdunds.

B. NCDOT Verification and QA Split Sampling

TheDepartmens Verification and QASplit samples are used to verify the performance of the
Producer's quality control plan.

Aggregate Sample Weight Requirements (pounds)
Material QC/QA Split Verification
Clean Coarse Aggregate 40 20
Fine Aggregate 20 10
Aggregate Base Material 70 35
1. Verification SamplesVer i fi cati on samples wil/l be taken i

samples and will be sampleain each size ofmaterial shippedProducers will be allowetb

split the sample or takesample adjaceno the Verification Sample for their internal
informational purposes only. Ths P r o d u cvallmdt ke used an thé reext QC sample nor
willitbe enteredintoh e Depart ment 6s dat abase.

2. QA Split SamplesQA Split samplesvill be takenand split for testing by both the Department
and the Producdor each size of materishipped.The Depart ment 6s represer
thesampling and splitting processaccordance with Exhibits C and D respectivélye
Producerds half of the QA Split is recorded a




3. Lot Sizei A Verification sample will be taken for every 10,0@dsfor each size of material
shipped or everyto weeks, whichever occurs more oft@A Split sample for all aggregates
will be20,000tons for each size of material shippedat least once per quartél Verification
and QA Splitsamping will be performedor observedbytheDe par t me nntave r epr es e

4. Samplingi TheD e p a r t rapeesentétige is to obtasampledaken from the stockpile,
conveyor belt or other location approved by the Department. Stockpile samples are to be taken
from the same area of the stockpile from which matesibking shippefload face)

5. Sample Identification and Record Keepind is critical that care be taken to properly label
samples and record test data accurately.

The Verification samples are to be numbered in a sequential order at the begiraaoly péar
or the first sample after a Producero6s facili
AVO is the number f o-l,VRlete i ndependent sampl e,

The QA Splitsamples are to be numbered with a number corresponding to the agtpropri
Quality Control sample. The number following "QA" is the number of the corresponding Quality
Control split sample, QA, QA-2, etc.

6. Test ProceduresAll Verification andQA Split samples are to be tested &epartment
laboratory. Modification$o standard test procedures are permitted in some cases in this program.
When approved by thBepartmenbn a siteby-site basis, a Producer may rapid dry ABC Quality
Control samples according to procedures outlined in ExBilltor ABC samples, soil nitar
testing is required on all samples, see Exhibit M.

Atterberg Limits (LL and PI) are noéquired to bgerformedonthe Producer's half of the split
sample, except for those plants identifiediry Departmerds having potential problems. In
thosecases, the Producer is to determine the Atterberg Limits of one sample per 6,000 tons of
material. Rapid drying will not be permitted for material from which the Atterberg Limits are
determined.

7. QCl/Verification Comparisoin QC versus Verificationanples will be compared using théekt
andtt est (F&T) data compiled by QAP. The data w
Procedures for Quality MARDIOXBSAAppeadixF)Peportf i cati o
will be generatedjuartely to compae the data for any discrepancies within the program.

An investigationcan be initiated when a minimum of one sieve is out of specificationgjilbut
berequiredwhen the F&T tesindicates a single produisasnon-comparingmears on two
sievedor clean stone or thresievesfor ABC or fine aggregate (not including soil mortarhe
written investigation will be used to identify if theseanyevidence thathe populations are
different or determine if poor quality material is being produdée. investigation may include
lab assessment, technician assessments, and review of all test results.



If it is determined that the conditions are not being met, a warning letter to the Producer will be
issued and aine month probation period will be implementedthe specified produ(). If

within the probation period, the F&T tests show swomparingmears and the written

investigation indicates poor quality material, the Produsgecified product(shaybe removed
from the progranuntil corrective actiomas been takesnd thespecified product(s) have been
reinstated by the Department.

QC/QA SplitComparisori QC versus QA Split samples will be compared using the Paired t

test based on the data provided in QAP. The data will be checked in accavdaricdh fneval uat
of Procedures for Qualit ydREHA946Aepoctwilllpeci fi ca:
generated quarterly to compare the data for any discrepancies within the program.

If the results of the @ Split sample are not in agreement with thgutes of the corresponding

Quality Control sample, i.e. outside the limits of Table | or Table Il of Exkp#n investigation

will be made to determine the source of the difference. The investigation will include a review

of the testing procedures atite testing equipment. The results of the investigation will be
recorded in theCMamment aFseldsperctbedoBPepart men:
system (HI@QMS) and a copy given to the aggregate producer.

If the cause is determined to bepirapersplitting or testing procedures, the appropriate certified
technician will be notified. If the problem continues, the technician's certification may be
revoked. If the cause is determined to be in the Producer's testing equipment or hand#ing of th
material the Producer is to take corrective action. If this problem continues, the Producer's
approval to provide material the Departmenmay be revoked. If the cause is determined to be
in theDepartmeristesting equipment, tHBepartmentvill take corrective action and notify the
aggregate producer of the action.

Noncomplianc&The Department will notify the producer of the deficiencies and corrective

actions necessary to remain in the progréinthe Producer does not respond in writirtgg t
Department may remove the plant from the Program. If removed from the Program, the Producer
may request to have the plant reinstated once coreexttion ha been taken.

C. Roadway Assurance/Acceptance and Independent Assurance

Roadway Assurance/Aceptancei Roadway Assurance (RA) samples are requivduk taken

in accordance with the current NCDOT Minimum Sampling Guld#. sizes, sampling

procedures, acceptance limits, and other information related to RA Samples are described in the
currentNCDOT Aggregate Sampling Manual

Independent Assurance NCDOT Independent Assurance (IA) samples are required on all
FederalAid projects. They are used to verify the performance oD#gartment'sacceptance
program to the FHWA.




GLOSSARY

Department Certified Laboratory - Any Department laboratory that has been certified for the
purpose of testing aggregat@gerification and QA Splits)

Department Representative Any person(s) employed by the Department or individual(s) under
contract with the Departemtfor the purpose of sampling or inspecting aggregate production
F-Test and tTest Statistical analysis used to compare the Verification samples with the Quality
Control Sampleg(a=.05)

Lot Size- Specified anount of materiaproduced to be tested fapproval. Tonnages are

specified in theNCDOT Minimum Sampling Guide

NCDOT- North Carolina Department of Transportation

The Department North Carolina Department of Transportation or any other state agency
NCDOT Right of Way- Any boundary of land mainitaed by the state of North Carolina

Paired-t Test Used to compare means arspecific size of aggregate or other matenar time

or in differing circumstances for QC/QA Split samples.

Plant Ownership Update Form Document in Exhibit A that is updatsearly and required by
DecembeB1 of each year.

Producer- An approvedoerson or organization that produces aggregates to barsblased by

the Department.

Producer 6s Cer tAnylaberatorylthatihas begr certifigd by the Department for
the purpose of testing aggregafBise laboratory may be on site or off site with prior approval.
(Quality Control)

QA Split Sample- A sample that is taken under the direction of the Department Representative
by the QC Technician and split for testing bytbthe quarry and the Department. Tégésnple

will be entered into HICAMS

QAP (Quality Assurance Program} This system is intended to collect and analyze quality control and
guality assurance data for the aggregate and asphalt industries that do wigind&DOT.

Quality Assurance Procedural activitymplemented in a quality system so that requirements
and goals for a produare metlt is also used as a comparison with a standard for the specific
material tomonitorthe process that is set in place.

Quiality Control - Process in which the Producer monitors the quafitheir material being
shipped by taking random samples and conducting in house testing. This process will be tracked
in the QAP System.

Quiality Control Plan- A document developed by tf¥oduceproposingnhow they will control
equipment, materials, and production methdsisure that specified products are obtained.
Quality Control Technician- Any individual that has completed the NCDOT Aggregate QC/QA
Sampling Technician or NCDOT Agggate QC/QA Sampling and Testing Technician
Certification course provided by the Department.

Verification Sample- A random andndependent sample taken &yRepresentative tiie
Departmentor the purpose of verifying the Quality Control results.

1C



IV. EXHIBITS
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ExHIBIT A- NCDOT AGGREGATE QC/QA PLANT OWNERSHIP UPDATE FORM

NCDOT Agzregate QC/QA Plant Ovwnership Update

Name of Compazy:

Mame of Facility:
MCDOT Faciltty Member: CA FA

Facility Mailing Address and Centact Information:
Etreat:
Street
City. Stata P
Talephons: FAX
Talephona:
:E. !.' .
Mame and Title of Comtact

Facility Physical Address:
Street
Sireat
City- St bl
Diriving Diections from Major Landrark:

Plant Personnel Eesponzible for Qmaliny:
Hame Tils Cart. Mumber'

Blarerial:
List of Maxterial Baizng Produced at Facility:

The Iformation for this faciliy HAS chanped since this form was Last sobmirsed? OvES: O
B

The Gruality Comtnol Plan for this Sacility HAS been ravised simce it was NCDOT Approwed? DOVES/D
LT

If YES, attach copy of comment Croality Coomtrol Plan to this docoment and suhosit ﬁ:-:'mjn'n.'
I cartify that the foregning eniries ame compect
Eigmature

Tithe:
Diate:

Lt MCTOT smpred Tocbror s Certifiostion Mumber #f sppiscable

Ravived 330714 ISE

13
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EXHIBIT B- TESTING EQUIPMENT LIST

List of Equipment Required for Certified Laboratory testing Coarse or Fine Aggregate
Automatic shaker(s) for coarse and fine aggregatéwith clock timer, enclosed in

1)

2)

3)

4)
5)
6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

insulated cabinet and mounted independent of building floor).

One set otlectronic scalesreadability and sensitivity of 0.1 gram, accurate to 0.fngra

or 0.1 percent of capacity with a minimum capacity of 2500 grams.

One set otlectronic scalesreadability and sensitivity of 20 grams, accurate to 20 grams

or 0.1 percent of capacity with a minimum capacity of 50 kilograms (110 Ibs).

A sufficient quantity ofpans( 2 4 0

Onedivider ( 80 x-3140

Onedivider ( c hut e

wi dt

X

h

2

120 x 30) for drying sat

40 and adjustabl e

Oneautomatic shakerwith timer, cover and all sie sizes required to test ABC and
clean aggregates according to NCDOT Specifications.

pening) with two catch pan

1/ 20

Mini mum of one sewdortesting BBE andl one seedf steves for clean
stone and fine aggregate. Must have all sieve sizes required to testn®B@rid clean
aggregates according to NCDOT Specifications.

Onemortar bowl (210 mm outside diameter).

Onepestle( wi t h 20

Onewooden mallet( 1

3/ 40

X

3

1/ 2 x 1xdowebcentered).h

di ameter rubber covered

10

A sufficient quantity osample cangapproximately 400 gram capacigmd/or sample

pans.

Oneliquid limit machine (with grooving tool), AASHTO 189. (Required if identified
as a source withgtential plasticity issues)

Oneoven,gas or electric (thermostatically controlled @ 210).
One overthermometer (0 degrees to 150 degreel C

A sufficient quantity of 2z. moisture cans.

One stiff bladespatula( 3

1/ 20

15

X

13/ 160) .

base

di anm



17)
18)

19)

A sufficientquantityof evaporation dishes 250 ml.

One pair otongs

Large stainless steel mixing bowl.

List of Equipment Required for Certified Laboratory ONLY testing Fine Aggregate

1)

2)

3)

4)

5)

6)

7)

Oneautomatic shakerfor fine aggregate(with clock timer, enclosed in insulated
cabinet and mounted independent of building floor).

One set okcales readability and sensitivity of 0.1 gram, accurate to 0.1 gram or 0.1
percent of capacity with a minimum capacity of 2500 grams.

A sufficient quantityof pansfor drying samples, and if used for AASHTO-BB, must
be of sufficient size to contain the funnel stand and to prevent loss of material.

Onedivider ( 80 x-3140 ®»pening) with two catch

Minimum of one seto8 0 d i siawesfor éesting fine aggregate. Must have all sieve
sizes required to test according to NCDOT Specifications.

Oneoven,gas or electric (thermostatically controlled @ 4C). One overthermometer
(O degrees to 150 dexgs G

Sieve brushes.

16
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EXHIBIT C- SAMPLING PROCEDURES
Sampling Procedures

l. Introduction

In order to reduce the number of variables that affect the correlation between, it is important that
all samples be obtained followimgoceduresn accordancevith this manual.

. Production Stockpile Sampling

For stockpile sampling, obtain the sample from an area that represents material being shipped.
Before sampling, a visual inspection of the stockpile load face shall be conducted. If there is
evidene of segregation or contamination, immediate corrective action must be taken. The
material in question should be thoroughly mixed or removed before obtaining a saimple.
sample shall be obtained from aggregate that has been picked up by a loadhognuthie

existing stockpile. The material from which the samples are to be obtained should be
approximately one loader bucket load. The loading unit shall dump the material on the ground
(as if loading a truck), then strike off and level to approximdtalf/the original pile height. The

flat surface shall be divided into four sections. Identify sampling areas as A, B, C, and D, as
shown below. Opposite quadrants, such as A and D, shall be used to acquire the sample.

[ A
\C_

B
D4

Material firstdumped on ground Material after being leveled
off and sectioned

17



The sample shall be obtained using a square point shovel having the long edges turned up at right
angles to the body of the shovel.

The shovel dimensions shall lzestanlard squared end shovel with the outer edges rolled up
approxi mately 2 inches, such that the overal/l
l ong, 60 wi d¢eephoi@mbokg 20 si des.

. Approved Stockpile Sampling

The lot size will be 2,00 tons of material, or a fraction thereof, placed in a stockpile. The
certified plant technician is to obtain a Quality Control (QC) sample weighing a minim8sn of
pounds

The sample shall be obtained by removing the top six inches (1/4 layer) ofehand sampling
the underlying twelve inches (1/2 layer) of material using a steel sampling ring approved by the
Department. This will leave an undisturbed six inches (1/4 layer) on the bottom of the layer.

Samples taken after a layer has been corresttedld be taken in the same manner as the original
sample with the exception that the sample shall be taken from the entire depth of the layer,
including the corrective material.

V. Roadway Sampling

Roadway Sampling is described in therentNCDOTAggregate Sampling ManllaRoadway
Acceptance samples shall not exceed limits of Column C T&ble |

V. Belt Sampling

A samping lot shall berepresented by obtainirigreerandomly located samples from
approximately equal incremerasthe sampling lot The three samples are to be combined and
tested. The sampleshall be taken from the conveyor belt before the material has passed through
the pug mill if a pug mill is being utilized

The sample is obtained by isolating a cross section of the belerroying all material inside of
the isolated cross sectioamples obtained from a conveyor laglywhere other than an
approved QC/QA Aggregate facilighall not exceed limits of Colun@in Table 2.

VI. Tube Sampling

Fine aggregate samples maydiained from the stockpile using a tube approved by the
Depart ment . The tube shalll be a minimum of 1
The tube shall be constructed of aluminonPVC

The sample is obtained by inserting the tube intstbekpile at evenly spaced locations across
the load face of the pile. A minimum of five insertions of the tube shall be made. The insertions
are to be made at a minimum height of three feet from the bottom of the pile.

18



EXHIBIT D- PROCEDURES FORSPLITT ING AND L ABELING SAMPLES

Procedures for Splitting Samples using a Splitter

Samples are to be split using one of the two following procedures:

l. Place half of the material (i.e. approximatelyd@ndsof a 70poundsample) in the top

of the splitter. @en the splitter slowly, allowing the material to flow into the two catch pans.
Switch the pans from one side of the splitter to the other and place the remainder of the material
in the top of the splitter. Open the splitter slowly, allowing the remaividdae material to flow

into the two catch pans.

or

Il. Place all of the material in the top of the splitter. Open the splitter slowly, allowing the
material to flow into the two catch pans. Compare the weights of the two pans to see if they are
within 3% of each other (i.e. within 2dbundsfor a 70poundsample). If they are not within

this tolerance, place all of the material back in the top of the splitter and repeat the procedure.

In both cases, the finger gate settings should be 1 1/2 inges than the material being split,
the area on which the splitter rests should be level, and the material should be split before the
material is completely dry.

Procedures for Splitting Fine Aggregate Samples using a Divider

This procedure may be usedplace of the splitter method described above for Fine Aggregate
samples only. The procedure requires the use of an impervious surface such as a steel plate, and
a four way divider. If a table is used, it shall be approximately 28 inches deep lmh82 wide.

The four way divider shall have legs approximately 28 inches long that intersect in the middle,
forming a right angle. The device shall be approximately 5 inches tall. The material should be
split before the material is completely dry.

Placeall of the moist material in the center of the table. Remix the sample thoroughly and
mound it in a cone shaped pile approximately 6 inches high. Push the four way divider down
through the center of the pile until contact with the table surface is nsdide.the divider back

and forth on the table surface to separate the fine aggregate sections from each other slightly.
Remove two of the opposite quadrants (sections) of material. Remix the remaining two
guadrants and repeat the procedure as necesdérghe remaining material is the correct
quantity for the test to be run.
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Divider for Splitting Fine Aggregate Samples

A

140

Y
< ,| Device is approximately 50
1409 Device has four |l egs attach

Construction is of 18 gauge or similar aluminum.

Sample Numbering and Identification

Each size or type of material will have its own series of consecutive sample numberggeginn
with the number 1 for the first sample taken at the beginning of the calendar year. For example,
beginning January 1 the number sequences for each of the following products taken from the
same plant is as follows:

Quality Control Sample Identification

Product (size)| Sample Number Sequence beginning Januai
#57 QC-1, QG2, QG3, QG4 etc.

#67 QC-1, QG2, QG3, etc.

#78M QC-1, QG2, QG3, QG4 etc.

Washed QC-1, QG2 etc.

Screenings

*QA Split samples will follow the corresponding QC sampleusege.

Verification Sample Identification

Product (size)| Sample Number Sequence beginning Januai
#57 V-1,V-2,V-3,V-4,etc.

#67 V-1,V-2,V-3, etc.

#78M V-1,V-2,V-3,V-4,etc.

Washed V-1,V-2, etc.

Screenings

20



Producerbés QC Sample Card

e PRODUCER®S QUALITY SAMPLE
QUARRY DOT LAB #

PRODUCER QUARRY #

SIZE MATERIAL SAMPLE #

DATE SAMPLED COUNTY COUNTY #

QUANTITY REPRESENTED BY THIS SAMPLE

SAMPLED BY:

SUBMITTED BY:

TYPE SAMPLE:
QUALITY CONTROL VERIFICATION

To be printed astocB 1/ 206 x 5

Each samplshould beclearly identifiedoy a properly filled out Sampléentification Card,
similar to the one shown above.

21
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EXHIBIT E- RAPID DRYING PROCEDURE
Rapid Drying Procedure

A. Usemetal frame (angle iron) to support standard drying pans a minimum of 4" above gas
burner units or electric heating elements.

B. Sample size 3@0 poundsper pan (uniformly spread in pan)

C. For gas drying, adjust flame from burner units to avoid exee$®at directly to bottom of
pan.

D. During drying of sample, technician should be present at all times to:
1) Monitor and adjust heat when necessary,
2)  Mix, stir and turn the aggregate over in the pan to prevent scorching of the sample.

E. Allow samge to cool, stirring sample occasionally to assist in uniform cooling.

F.  Process the cooled sample.
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EXHIBIT F- QAP SYSTEM FOR REPORTING SAMPLE TEST DATA AND RETRIEVING
STATISTICS

The NCDOT Quality Assurance Program (QAP) is a web based Quality Control/Quality
Assurance application (availablehdtps://apps.dot.state.nc.us/vendorjqaged by both the
Department andhaterial Producers/Suppliers who provide Aggregate or Asphalt materials to the
Department for highway construction projects. The system provides web enabled data entry of
individual QC & QA test results, secure file transfer of test results, accessviduatland

summary test reports, and statistical analysis tools.

QAP Getting Started Guide Website:
https://connect.ncdot.gov/resourddaterials/MaterialsResources/QAP%20Getting%20Started%

20Guide.pdf

Each Producer/Supplier and applicable staff must be registered within the NCID system in order
to access results.
What QAP allows users tio:

Enter Aggregate QC and QA Test Results
Upload Aggregate QC and QA Test Results
Correct Aggregate QC and QA Test Results
View Aggregate Test Reports

= =4 4 2

Producers/Suppliers have editing abilities for QC samples Qwlydata will be available to the
Producer once QC data has been entered and uploaded.
QAP Information Systems Liaison Contact Number: (919)48290
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QAP/HICAMS User Registration Form

The foll owing information is required to |ink
NCID with the HICAMS application. Please fill otitis form completely and return it to your
companyds QAP Account Administrator.

COMPANY INFORMATION

Business Name

Business Address

Contact Phone Number

USER INFORMATION
Last 4 Digits of SSN

Last Name

First Name

Middle Name/Initial

Job Title

User ID from NCID

Email Address Linked to NCID Account

Supervisoros

o
(2]

Supervisor

For Use by Company Account Administrator Only

Account Administrator Name
Administrator NCID User ID

| hereby confirm that | am a dgsated Account Administrator for the above company and
authorize the above person to have acc
NCDOT QAP Application. | also verify the accuracy of the above user information.

Signed:
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List of Material Names forHICAMS QC/QA Batch Process in QAP

Aggregate, Carsei English

Material Description Code Name
Coarse Aggregate, #14M CAl14M
Coarse Aggregate, #4 CA4

Coarse Aggregate, #467M CA467M
Coarse Aggregate, #5 CAS5

Coarse Aggregate, #5 (VA Spec) CA5VA
Coarse Aggregate, #57 CA57
Coarse Aggregate, #57M CA57M
Coarse Aggregate, #6 CA6

Coarse Aggregate, #67 CAG67
Coarse Aggregate, #68 (VA Spec) CAGBBVA
Coarse Aggregate, #7 CA7

Coarse Aggregate, #78M CA78M
Coarse Aggregate, # 8 (VA Spec) CA8VA
Lightweight Concrete (See Specs) CALWT
Lightweight, Structural Concrete, (See| CALWTSC
Specs)

Aggregate Base CourseEnglish

Material Description Code Name
Aggregate Base Course ABC
Aggregate Base Course, Modified ABCM
Aggregate Base Course,-&radation ABCSG
Stabilizer Aggregate SA
Aggregate, Finé Asphalti English

Material Description Code Name
Asphalt Sand AS
Baghouse Fines BF
Screenings, Dry SD
Screenings, SupeiWashed SSW
Screenings, Washed SW
Aggregate, Finé Concrete English

Materid Description Code Name
Sand, 1S S1S

Sand, 2MS S2MS
Sand, 2S S2S

Sand, 4S S4S
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Gradation Test Report Form

North Carolina
Department of TransportatierMaterials and Tests Unit
Raleigh, North Carolina

Producerds Coarse Aggregate Quality Control
Quarry: Number: Producer: Page:
County: Number: Size Material:
Grading- Percent Passing
Date | Sample | Quantity | 2 1. § 106{3/ 41/ 13/ {#4|#8| #10| #40 | 200+ | #40| 200 | L.L. | PI Note: Who
Number | (Tons) @ @ Sample| Ran
Fails

+Place * in column if minus #200 is not run but is based on visual inspection.

Remarks:

cc:  M&T Inspector
M&T Files

28

@ Soil mortar fraction for ABC.

Quality Control Technician

T



EXHIBIT G- TOLERANCES FOR COMPARISONS OF QC/QA GRADATIONS

Table * Tolerances for Comparisons of Coarse Aggregate QC/QA Grad&lieves Sizes

ABC* | #4 #467M | #5 #57 #6 #14M | #67 VA#5 VA#68 #H7 VA#8 #78M
#57M

HICAMS CA4 | CA467 | CA5 | CA57 CAGb CAl14 | CA67 | CAS5VA | CAGBVA | CA7 | CABVA | CA78M
Size M CA57M M
o
11/2" +2 +2 +2 +2
1" +4 +4 +2 [£3 +2 +2 +2
3/4" +4 +5 +5 +3 +3 +5 +3 +2 +2 +2
1/2' +5 +2 |[%5 +4 +2 +3 +3 +3
3/8" +2 +3 +2 +4 +3 +5 +2 +5 +3 +3 +3
#4 +6 +2 +3 +2 +5 +3 +3 +5 +5 +5
#8 +3 +5 +3 +3 +3 +3 +3
#10 +5
#16 +2 +2
#40 +5
#80
#200 +3 +05 [+0.5 +05(+05 +05 |05 |05 [+x0.5 +0.5 +05 |+£05 +0.5
Soil Mortar
#40 +6
#200 +5
LL +4

*Use ABC range for all base course materials such as: ABC, ABC Type A, ABC Tyse@®BM, ABC-S, CTB, CTBC, SA, etc.
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Table 2

Tolerances for Comparisons of Fine Aggregate QC/QA Gradations

Sieve Sizes | Asphalt Sand, |1S |2S |[2MS |[4S Super
SD, SW, SSwW* Washed
Screenings
HICAMS AS, SD, SW, | S1S| S2S| S2MS | S4S SSW
Size SSW
1/2"
3/8"
#4 +2 +2
#8 +6 +1|+1| %1 +2 +6
#10 +6 +6
#16 +6 +3|+3| %3 + 3 +6
#30 +6 +3|+3| %3 + 3 +6
#40 +6 +6
#50 +4 +2 | +2| %2 + 3 +4
#100 +2 +1|+1| %1 +2 +2
#200 +2 +1|+1| %1 +1 +2

*DS- Dry Screenings, \8Washed Screenings, SWSuper Washed Screenings
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EXHIBIT H- INDEPENDENT ASSURANCE SAMPLING AND TESTING
Independent Assurance Sampling and Testing

l. Introduction

As discussed in Section &, Independent Assurance (IA) samples are required on all Federal
Aid projects. They are used to verify the performance oDtkep a r t aneeptande program
to the FHWA.

Il. Lot Sizes and Sampling Procedures

The lot size for ABQType A or B) and Cemeritreated Basées 20,000 tons or a fraction thereof
For Type A ABC, Type B ABC, or roanhixed CTB, the IA sample for a lot will consist of one
sample, weighing a minimum of P@unds taken from a location adjacent to the Roadway
Assurance sample. For plamixed CTB, the sample will be taken from the belt ofghg mill
immediately following thdRoadwayAssurance sample.

The gradation results of these samples will be correlated according to the procedures outlined in
the statistical program for comparitrglependent Assurance test results and acceptance test
results. If the correlation results in a fair or poor rating, the Independent Assurance Section
Supervisor will conduct an investigation as to the cause of the rating.
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EXHIBIT | - SPECIFICATIONS (GRADATIONS, LL, and PlI)

Stabilizer Aggregate(SA)

TABLE 1-1
AGGREGATE BASE COURSE FOR STABILIZATION
GRADATION ACCEPTANCE CRITERIA

Sieve Size % Passing
| 1/2" 100
1" 72-100
1/2" 51-83
No. 4 3560
No. 10 20-50
No. 40 10-34
No. 200 3-13
Material Passing No. 40 Sieve
L. L. 0-30
P. L 0-6
Producerdés Quality Control Sampling

Plant Sampling;

The lot size for SA will be2,000 tons of material, or a fractiohereof, shipped. The certified
plant £chnician is to obtain a Quality Control (QC) sampleighing a minimum o085 pounds
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ABC, ABC-Type A, CTBC, and Select Material Class IV

TABLE 1-2

AGGREGATE BASE COURSE FOR

GRADATION ACCEPTANCE RANGES

Column A Column B Column C
% Passing % Passing
11/2" 100 98-100
1" 7597 72-100
1/2" 55-80 51-83
#4 3555 3560
#10 2545 20-50
# 40 14-30 10-34
# 200 4-12 3-13
Material Passing No. 10 Sieve (Soil Mortar)
*# 40 40-84 36-86
*# 200 11-35 10-36
Material Passing No. 40 Sieve
L. L. 0-30 0-30
* P 0-4 0-4

* For information only, unless Pl exceeds #.PI exceeds 4, soil mortar limits
apply. If Pl exceeds 6, material shall be rejected.

Producer 6s

Quality

Plant Sampling

The lot size for ABC will be2,000 tons of materiagr a fraction thereof, shipped. Tbertified
planttechnician is to obtain a Quality Control (QC) sampleighing a minimum o085 pounds

Roadway Correction

Control

Sampling

When the Contractor chooses the option toemirthe sublotthe Contractor will take 2 rand
Roadway Quality Control Samples from within the correctedasubWhen the test results of the

Contractor

6s two

Roadway Sampl es
corrected sulbot will be acceptable for Quality Assurancen§ding by the Department.

The Contractor shall correct a QC lot on the roadway only once.
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BaseMaterial (ABC, ABC-Type A, CTBC, Class IV Select Material)
The following flowchart summarizes tmeadwayprocedures when sampling and testing TApe
ABC in the event of a QC failing sample and the Producer elects to obtain RC sample(s)

Take 1 sample from
production stockpile, based on
material-specific rules

Sample
Meet
LL and PI?

Sample
M eet
Column B

YES

Meets Specifications

Lot is rejected
and
replaced

Sample
Meet
Column C

lYES

Meets Specifications

36
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Investigation is
performed by
Materials and
Tests
Representative




Cement Treated Base Course (CTB)

Producer 6s Quality Control Sampling
Plant Sampling

The lot size foleggregate base material for Cement Tre&@aseCourse(CTBC) will be 2,000
tons of materialpr afraction thereof, shipped. The certified plant technician is to obtain a
Quality Control(QC) sampleveighing a minimum 085 poundsfrom each lot of£TBC.

Samples must be obtained using procedures outlined in Exhaitl @ll samples must be taken
prior to the addition of cementEach samples to be clearly identifiedIf a split sample is
obtained, lheother half of the sample will be retained anadmavailable to the Department.

Rejections and Corrections

If the Quality Control sample excegthe limits shown in Column B of Table2, follow check
sampleproceduesdescribed in Section Il of this maal. Oncecement has been added to the
materal a check sample cannot be takenhe Totrepresented by the sam@rceeding limits of

Table 2 will be rejected and shall be removed and replaced by the Contractor at no cost to the
Department

The material passing the No. 40 sieve shall not havguad_Limit in excess of 30 or a plasticity
index in excess of 4. If any test result indicates values exceeding these, the lot will be rejected
and shall be removed and replaced by the Contractor.
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EXHIBIT J- PROJECT CONSTRUCTION OF APPROVED STOCKPILES (ABC- TYPE B)

Approved Stockpiles (ABGType B, Project Specific Stockpile}

The following flowchart summarizes the QC procedures when sampling and testing Type B
ABC.

Take 1 sample from
sampling unit of
stockpile

Sample
Meet
LL and PI?

Lot is rejected and
replaced

Lot is rejected and replaced or
corrected. Lot is retested after
corrective action is taken

Sample
meet
Column B

Lot accepted, record
test results

(Approved Sockpiles are stockpiles that are constructed for a specific pjoject.
Notification of Intent to Construct an Approved Stockpile

The Producer will submit to the State Materials Engineer a notification of intent to construct an
Approved Stockpile at leashe month prior to the anticipated start date for construction of the
pile. The notification shall include the location of the pile, dimensions, total anticipated
tonnage, source of material, construction schedule, intended project (inclhaitigr, Resident
Engineer, NCDOT Project Numbeetc), anticipated project quantities (pile quantity is not to
exceed 10% of the estimated quantity required for the project), contractor, and contact
information for all responsible producer and contrapersonnk The Producer shall notify the
StateGeoMaterialsEngineerat the completion of each layer and provide test results for approval
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prior to the next layer being added. Continue this process until the pile has been built to
completion.

Construction

1. The aea on which the stockpile is to be constructed shall be reasonably level and free
from stumps, wood, trash, loose earth, or other deleterious materials before
stockpiling begins.

2. The material shall be stockpiled in layers not exceeding two feet in &sskrEach
layer shall be constructed of slayers which shall not exceed 8 inches in thickness.
Each suHayer shall be spread and/or mixed so that segregated spots and variability
are eliminated prior to placing the next dajer.

3. Material placedinte st ockpile shall be uniform and
material will not be permitted unless it is shown that such methods produce a
uniform, nonsegregated material.

4. Stockpiles shall be designated numerically (1, 2{&) to ensure proper reads of
sampling, testing, etc.

5. In order to facilitate construction, a stockpile may be constructed in sections which
shall be designated alphabetically (A, B,e®;). The limits of each section shall be
identified by properly maintained corner stakeglee work proceeds in order to
expedite construction of the remaining layers.

6. Each layer shall be spread and thoroughly mixed prior to sampling. No further
mixing shall be done after sampling.

7. A stockpile shall contain a minimum of 5 layers or 10 fedtaight before approval is
given. The layers shall be set back at the edges at least 6 inches so thadowrroll
of material occur.

8. The material shall contain approximately optimum moisture when placed in the
stockpile. No sample shall be taken unkbss condition is met.

9. Stockpiles shall exist separately and not connected to other stockpiles. Ramps used
by equipment in constructing the stockpile shall be removed upon completion of the
stockpile.

10.The top of a completed stockpile which is twbe ugd immediately shall be
approximately level and shall contain a berm around the top edges at least 18 inches
high to prevent wastiown from rain.
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Control

Producer 6s Sampling

Quality
The lot size will be 2,000 tons of material, or a fraction thieqgaced in a stockpile. The
certified plant technician is to obtain a Quality Control (QC) sample weighing a minim8sn of
pounds Sampling will be performed as described in ExhihiGection .

Table J-1
Type B Aggregate Base Course
Acceptance Crteria for Completed Stockpiles

Column A Column B
% Passing
1 1/ 20 100
10 76-96
1/ 20 5876
#4 3852
#10 28-42
#40 16-28
#200 5-11
Material Passing No. 10 Sieve (Soil Mortar)
*#40 40-84
*#200 12-34

Material Passing No. 40 Sieve

L.L.

0-30

*P.l.

0-4

* For information only, unless Pl exceeds 4. If Pl exceeds 4, soil mortar limits
apply. If Pl exceeds 6, material shall be rejected.

If the Quality Control sampldoesnot meet the gradation requirements of Colunuof Bable
I-2, or the LL andPI requirements of Column B of Tall&, the procedures are as follows:

Correct the lot by either removing the material from the stockpile or by spreading the required
amount of corrective material over the surface of the lot. Only one correctiontofidl be
permitted and correction will not be allowed when the amount of material required exceeds 6
inches in depthin which case the lot will be rejected and removed.
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NCDOT Quality Assurance Sampling
All QA samples are to be tested ddaepartmenlaboratory.

All QA samples will be sampled by the Producer withDlepartmentepresentative presente
QA sampleshall be obtainetbr each8,000 tons of material stockpiled per visit to the
approved stockpilevhichever occurs more often.

Stodpile Approval

The Producer will submit to thetateGeoMaterialsEngineera request for approval of the pile.

The request shall include the location of the pile, dimensions, total tonnage, project (including
location Resident Engineer, NCDOT Projeatifibersetc), and gradation summary (showing

all individual QC Samples for the stockpile and the overall average gradation for the stockpile).
In the event of three consecutive roadway assurance sample failures, the Department may
withdraw the approval dhe pile and will be sampled, tested, and accepted based on Exhibit | of
this manual.

If the individual QC Samples meet the requirements of Column B of T&x@&ad the average of
all QC Sampiles for the stockpile meet the requirements of Columabte J-1, the completed
stockpile will be considered acceptable.

No additional material may be placed on a stockpile after it has been completed and approved.
No material may be hauled from the stockpile until it has been approved.
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EXHIBIT K- INVESTIGATION PROCEDURESFOR FAILING ROADWAY ASSURANCE

SAMPLES

Procedures for Failing Roadway Assurance Samples

Take 1 sample from inplace
material on project, based on
material-specific rules

Sample
Meet
LL and PI?

A 4

Lot is rejected.
Check sample
obtained by

Sample GeomaterialsLab.

meet
Column
C

Check
sample meet
LL and PI

Lot is accepted
Record test results

Sample
meet
Column
C

Lot is accepted
Record test results <

Lot is rejected
and replaced

Lot is rejected and may be corrected if
approved or removed and replaced. The
final decision regarding acceptance will

include results and conclusions from
investigation conducted when check sample
was taken. Resident Engineer will write
letter of explanation.

l If lot is corrected

Take 1 sample from inplace
material on project, based o
material-specific rules

Sample
Meet
LL and PI?

NO

Lot is rejected

YES
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EXHIBIT L- FIELD PROCEDURE FOR INVESTIGATION OF ROADWAY ASSURANCE
FAILURE FOR GEOMATERIALS L ABORATORY

Procedure for Investigation of RA Failure
1) The StateGeoMaterialsEngineer notifies th&eoMaterialsTraining Engineethat a roadway
sample has failed.

2) Thetechnical trainecontacts th&esidentEngineerfor the project to arrange obtaining a
checksample within 5 feet of the original sample locatidime Departmentas the right to
sample beyond the 5 feet original sample locati@myfconditionslistedin 5 and/or 7 are
presenbr any other exdnuating circumstans¢hat mg influence the sample.

3) Thetechnical trainecontacts thé\reaConstruction Engineer for that Divisioand a

representative from the quarry supplying the ABC in question, to schedule a meeting on the

project to investigte the failure. At this time, the quarry technicians may aatkeecksample
adjacent to the Departmentodés check sample for

4) Before anychecksampling takes place, the ABC soil reports fromDlepartment.aboratory
are reviewealong with QC and QA to determine any trends or irregulariDasa will be
obtained from the previous three months of sampling for comparison.

5) Thetechnical trainealso interviews the ABC sampling technician to meet on the project if
possible to cuss and confirm that he or she is certified to take ABC samples and that the
proper sampling procedures were followed in the original sampling of the ABC. Items that will
be reviewed include:

using random numbete determine sample location

staying 2feet away from edges of spread when sampling

using the ABC steel sampling ring

sampling completely through to the next layer of material

making sure the quantity of the sample meets the 70 Ibs. dry weight requirement
was the mechanical spreader beingzadd in the area in question

could the sample have been taken on a seam where 2 lanes get blended together
potentially leading to segregation

x noting any observations from the ABC sampling technician or other project
inspectors that may be pertinent to ittfeestigation

X X X X X X X

6) After consideration of the above information, a check sample will be taken in accordance with
the current version of the Aggregate Sampling Manual and delivered to the Materials and Tests
GeoMaterialsLaboratoryfollowing standard sampkubmittal practice.

7) Other considerations will be made if:
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it is impossible to sample within 5 feet of the original sample due to location
(material covered, in a taper, unknown location of original sample)

the dump and push method was used in a ¢ajp@rea

tailgated material was not sampled using the alternate method in accordance with
Appendix E of the Aggregate Sampling Manual
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ExHIBIT M AGGREGATE QC/QA SAMPLING AND TESTING TRAINING M ANUAL

Test Procedures for Clean Coarse Aggregate and Fine Aggatg

Perform all aggregate sampling and testing in accordance with current specifications and
procedures referenced in tNEDOT Standard Specifications for Roads and Structures,
Aggregate Sampling (Roadwand procedures outlined in this manual.

Aggregate for Concrete

Hydraulic cement concrete is a mixture of cement and water paste in which aggregate particles
are embedded. Aggregate is granular material such as sand, gravel, crushed stone; and blast
furnace slag that usually occupies about 75 pewdnt t he concretebs vol ume.
volume changes due to drying shrinkage of the cenvater paste, aggregates are economical
filler that reduces the cost of concrete. Aggregate properties significantly affect the workability
of plastic concret and also affect the durability, strength, thermal properties, and unit weight of
hardened concrete.

Aggregate for Asphalt Mixes

Most of the material in an asphalt concrete mixture is aggregates. The aggregates contribute
strength and stability to treompleted pavement system. All of the particles needed in the
aggregate that will meet specifications and do the job usually cannot be found in a single
material; therefore, it becomes necessary to blend different sizes and materials in the proper
guantties to produce the desired gradation.

In order to accomplish this blending process correctly, it becomes extremely important that the
materials to be blended be properly sampled and the gradation or sieve size be accurately
determined.

1. Test Proceduies- Clean Coarse Aggregate

The sample is obtained from a stockpile, conveyor belt, or any other location approved by the
Department according to established procedures and taken to the laboratory. When sampling

Clean Coarse Aggregate, follow the samglprocedures listed in Exhibit C.

Each sample should be clearly identified by a properly filled out Sample Identification Card,
(Exhibit D).

If the sample is to be split with half to be made available to the Department use the procedures
for splitting asample (using a splitter) listed in Exhibit D.
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The split half of the Quality Control (QC) Sample, when approved by the Department on a site
by-site basis, maype force dried as long as care and judgment are taken to avoid overheating.
When rapid drying sample, follow procedures listed in Exhibit E.

Coarse aggregate will be tested for gradation in accordance with AASHTO T 27 procedures and
the wash test will be performed in accordance with AASHTO T 11.

Washed Gradation Procedures Clean Coarse Aggregte (AASHTO T 11)

Test Procedures:

1. Once the sample is dried to a constant mass it is allowed to cool to the touch

prior to proceeding with any testing procedures.

2. Split sample until a workable size of 1,000 to 2,000 grams is obtainedwFollo

procedures for splitting a sample described in Exhibit D.

3. Weigh and record weight of sample (Total dry Wt.).

4. Place sample in a container and cover with water to assure a thorough

separation of material finer than the No. 2@8ve form the coarser particles.

5. Using a large spoon vigorously agitate contents within the container.

6. Immediately pour the wash water over a nest of sieves that are arranged with

the coarser sieve on top.

7. Care should be used to avoid pog the coarse particles out of the container.

8. Add water as previously described and repeat the procedures.

9. Repeat this process until the wash water is clear.

10. All material retained on the nested sieves shall be returned to the washed
sanple.

11. The washed aggregate shall be dried to a constant mass at a temperature of
110°C (+/-5°C) [230° F (+/ 9°F)]. If using the Rapid Dry method follow the
procedures in Exhibit E.

12. Weigh and record weight of teample (Wt. after washing).

13. Calculate the percent passing the No. 200 sieve.

Calculation (formula):

Percent Passing No. 200 Sieve = (Total dry Wt. i Wt. after washing) x 100
Total dry Wt.

Example:
Assumption a washed idation test is performed on a sample of 57M material

Total dry Wt. =1,520 grams
Wt. after washing = 1,515 grams

Percent Passing No. 200 Sieve = (1,52071 1,515) x 100
1,520

Percent Passing No. 200 Sieve = 0.3 % Passing
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Sieve Size| Percent Passing Specification (Percent Passin

# 200 0.3 011.0

Note: This sample meets Specifications for 57M passing the No. 200 Sieve for material that is tested from a
stockpile at the quay site.

Sieve Analysis ProceduresClean Coarse Aggregate (AASHTO T 27)

Test Procedures:

1.

2.

No o

Once the sample is dried to a constant mass it is allowed to cool to the touch prior to
proceeding with any testing procedures.
When testing material which 100p&sses the % sieve, split the sample into a workable size
of 10 to 15 pounds. Follow procedures for splitting a sample described in Exhibit D.
Based on the Specifications for the material being tested, the proper sieves are selected.
Additional sieve(y may be added as needed to determine Fineness Modulus or to prevent
sieve overloading.
The sieves are placed into the mechanical shaker with the smallest opening on bottom and
largest opening on top.
Weigh and record the weight of the sample.
Place the gaple in the mechanical shaker and agitate for 10 minutes.
Carefully remove each sieve, weigh and record the retained material (cumulatively) using the
following steps:

a. Remove the top sieve weigh and record material retained

b. Remove the next sieve from thieaker and add the retained material to the material

from the first sieve.
c. Record cumulative weight from both sieves
d. Remove the next sieve from the shaker and add the retained material to the material
from the two previous sieves.
e. Record cumulative weiglitom all three sieves
f. Repeat this process for each of the remaining sieves to the catch pan.

8. Calculate the cumulative percent retained for each sieve
9. Calculate the percent passing for each sieve.
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Example of Calculating Percent Passing:

Assume a sieve alysis is performed on the 57M sample that was previously tested to determine
the percent passing the No. 200 sieve (using the wash gradation test). Based on the test results
0.3 percent passed the No. 200 sieve. The total weight of the (dry) sanploute sieve
analysis i34.1 Ibs

Step 1- Determine Cumulative Percent Retained for each sieve:

Cumulative Percent Retained = Cumulative Wt. retained x 100
Total dry Wt. of sample

Example of 10 Sieve
Cumuktive percent retained 4 x 100 =4 % retained
34.1
Sieve | Cumulative | Cumulative
Size | Ibs Retained Percent Retained
1 i 0 0
10 1.4 44
| 0 25.9 76
#4 32.1 94
#8 33.5 98
Pan 34.1 100
Step 2- Determine Percent Passing for leateve:
Percent Passing = 100 i Cumulative Percent Retained
Example of 10 Sieve
1007 4 =96 % passing
Sieve | Cumulative| Cumulative Percent/Specs
Size | Ibs Retained Percent Passing|/ 57M
Retained
1 0 0 100/ 100
10 1.4 4 96 95-100
U9 25.9 76 24 25-45
#4 32.1 94 6 0-10
#8 33.5 o8 2 0-5
Pan 34.1 100 0
Not e: i A sieve exceeds Specifications
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Sieve Analysis Clean Coarse Aggregate Work Problem 1

Check the following sieve analysis of a sample to determine if it antet minimum

specification requirements for a # 67 stone. This sample was taken at a Ready Mix Concrete

Plant. Circle any sieves, if any, whigdxceed the minimum specifications.

Total weight of sample (ovedried) =35.6 Ibs

Sieve | Cumulative Cumulative Percent NCDOT Specs.
Size | Lbs. Retained] % Retained Passing (% Passing)
1 9 0 100
J 0 2.8 9071 100
I A 18.0
3/ 8 27.4 2071 55
#4 33.8 071 10
#8 35.0 015
Pan 35.6

Passing #200 (wash method)
#200 | \ | 0.9 | 0i15

Does this samplmeet the minimum Specifications for # 67 stone?

Not e: The I A sieve is not a standard
design and control of plant mix asphalt.
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Sieve Analysis Clean Caarse Aggregate Work Problem 2

Check the following sieve analysis of a sample to determine if it meets the minimum
specification requirements for a # 57 stone. This sample was taken at the quarry during
production. Circle any sieves, if any, whigdxceed the mimum specifications.

Total weight of sample (ovedried) =36.1 Ibs

Sieve | Cumulative Cumulative Percent NCDOT Specs.
Size | Ibs. Retained % Retained Passing (% Passing)
1 0 100

1 1.1 9071 100

| A 19.8 2571 60

#4 34.1 07 10

#8 35.2 015

Pan 36.1

Passing #200 (wash method)

#200 | \ | 0.5 | 0i 0.6

Does this sample meet the minimum Specifications for # 57 stone?

2. Test Procedures Fine Aggregate

The sample is obtained from a stockpile, conveyor belt, or arey @dbation approved by the
Department according to established procedures and taken to the laboratory. When sampling
Fine Aggregate, follow the sampling procedures listed in Exhibit D.

Each sample should be clearly identified by a properly filled ountpBa Identification Card,
(Exhibit C).

If the sample is to be split with half to be made available to the Department use the procedures
for splitting a sample (using a splitter) listed in Exhibit D.

The split half of the Quality Control (QC) Sample, wragproved by the Department on a site
by-site basis, maype force dried as long as care and judgment are taken to avoid overheating.
When rapid drying a sample, follow procedures listed in Exhibit E.

Fine Aggregate will be tested for gradation in acaam with AASHTO T 27 procedures and
the wash test will be performed in accordance with AASHTO T 11.
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Washed Gradation Procedures Fine Aggregate (AASHTO T 11)

Test Procedures:

1. Once the sample is dried to a constant mass it is allowed to cootéothe
prior to proceeding with any testing procedures.

2. Split sample until a workable size of 400 to 600 grams is obtained (Note: this
sample size deviates from standard AASHTO procedures). Follow procedures for splitting a
sample dscribed in Exhibit D.

3. Weigh and record weight of sample (Total dry Wt.).

4. Place sample in a container and cover with water to assure a thorough
separation of material finer than the No. 200 sieve form the coarser pdeiclés- #16 plus
#200 sieves

5. Using a large spoon vigorously agitate contents within the container.

6. Immediately pour the wash water over a nest of sieves that are arranged with
the coarser sieve on top.

7. Care should be used to avoid pouring the coarselpartiut of the container.

8. Add water as previously described and repeat the procedures.

9. Repeat this process until the wash water is clear.

10. All material retained on the nested sieves shall be returned to the washed

sample.

11. The washedggregate shall be dried to a constant mass at a temperature of
110°C (+-5°C) [230° F (+/9°F)]. If using the Rapid Dry method follow the
procedures in Exhibit D.

12. Weigh and record weight of the sample (Wt. after washing).

13. Calculate the percent passing the No. 200 sieve.

Calculation (formula):

Percent Passing No. 200 Sieve = (Total dry Wt. i Wt. after washing) x 100
Total dry Wt.

Example:
Assumption- a washed gradation test is performed onnapa of 2S sand

Total dry Wt. =514.0 grams
Wt. after washing = 504.9 grams

Percent Passing No. 200 Sieve = (514.01 504.9) x 100
514.0

Percent Passing No. 200 Sieve = (1.770) or 1.8 % Passing

Sieve Size| Percent Passing Specification (Percent Passin

# 200 1.8 01 3.0
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Sieve Analysis ProceduresFine Aggregate (AASHTO T 27)

Test Procedures:

1. Once the sample is dried to a constant mass it is allowed to cool toutie pror to
proceeding with any testing procedures.

2. Based on the Specifications for the material being tested, the proper sieves are selected.
Additional sieve(s) maype added as needed to determine Fineness Modulus or to prevent
sieve overloading.

3. The sievesre placed into the mechanical vibrator with the smallest opening on bottom and

largest opening on top.

Weigh and record the weight of the sample.

Place the sample in the mechanical shaker and agitate for 10 minutes.

Carefully weigh and record the retainethterial on each sieve (cumulatively) using the

following steps:

a. Carefully remove the nest of sieves from the shaker.

b. Remove the top sieve weigh and record material retained

c. Remove the next sieve and add the retained material to the material fromtthe firs
sieve.

d. Record cumulative weight from both sieves

e. Remove the next sieve and add the retained material to the material from the two
previous sieves.

f. Record cumulative weight from all three sieves

g. Repeat this process for each of the remaining sieves tattie pan.

7. Verify mass of sample prior to sieving is within 0.3% of sample mass originally placed on

nest of sieves

Calculate the cumulative percent retained for each sieve.

Calculate the percent passing for each sieve.

o0k

© ®
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Example of Calculaing Percent Passing:

Assume a sieve analysis is performed on the 2S sand sample that was previously tested to
determine the percent passing the No. 200 sieve (using the wash gradation test). Based on the
test results1.8 percent passed the No. 200 siev he total weight of the (dry) sample used for

the sieve analysis B14.0 grams

Step 1- Determine the Cumulative Percent Retained for each sieve:

Cumulative Percent Retained = Cumulative Wt. retained x 100
Total dry Wt. of sample

Example of #4 Sieve
Cumulative percent retained15.4 x 100 =3 % retained

514.0
Sieve | Cumulative Cumulative
Size | gms Retained | Percent Retaine(
3/ 8 0 0
#4 15.4 34
#8 51.4 10
#16 154.2 30
#30 257.6 50
#50 416.9 81
#100 488.3 95
Step 2- Determine the Percent Passing for each sieve:
Percent Passing = 100 i Cumulative Percent Retained
Example of #4 Sieve
1007 3 =97 % passing
Sieve | Cumulative Cumulative Percenj| Specs
Size | gms Retained Percent Retaineq Passi 2S
3/ 8 0 0 100/ | 100
#4 15.4 3 97" | 95100
#8 51.4 10 90 80-100
#16 154.2 30 70 45-95
#30 257.6 50 50 2575
#50 416.9 81 19 5-30
#100 488.3 95 5 0-10
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Sieve Analysis Fine Aggregate Work Problem1

Determine if the following sieve analysis of a sample meets the minimum specification
requirements for a 2MS sand. This sample was taken at the job site prior @ingte sieves, if
any, whichexceed the minimum specifications.

Total weight of smple (ovenrdried) =547.9 grams
Weight of sample after washing #20®66.5 grams

Sieve | Cumulative Cumulative Percent NCDOT
Size | gms Retaine( % Retained Passing Specs.
(% Passing)
3/ 8 0
#4 6.7 9571 100
#8 68.8 8071 100
#16 183.4 457 95
#30 355.3 251 75
#50 452.5 51 35
#100 503.9 0-20
Pan 506.5
Passing #200 (wash method)
#200 | | | | 0-10

Does this sample meet the minimum Specifications for 2 MS sand?

3. Fineness Modulus (F.M.)

Fineness Modulus isdefied by t he Ameri can Gaoenpiricaltfagtorl nst i
obtained by adding the total percentages (by weight) of an aggregate sample retained on each of
a specified series of si &inemess Modulugi(F.Md.) ivdeldli ng t
mathematically as the sum of the cumulative percentage retained on the standard sieves divided

t

h

by 100. TheStandard Size Sievesr ¢ 60, 306, 1 {106, 1o, 3/806, No.

50, and No. 100. It is an index to the fineness or coarsaidbe aggrege. The F.M. is an
index of the fineness of the aggregate ahduld not be less than 2.3 or more than 3.1, nor vary
by more than 0.20 from batch to batch.

F.M. Rating Index Range

Coarse Sand | 2.807 3.10

Medium Sand | 2.507 2.80

Fine Sad 2.301 2.50
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(Note: When testing the gradation, the No. 200 sieve is used as required in the Specification.
However, it isnot used in calculating the F.M. Dwt include material retained in the Pan when
calculating the F.M.)

Fineness Modulus Example

Total weight of the sample (ovahied before washing) 514.8 grams
Oven dry weight (after washing #200) =504.0 grams

Step 1i Determine Cumulative Percent Retained for each sieve

Cumulative Percent Retained = Cumulative Wt. retained x 100
Total dry Wt. of sample

Sieve | Cumulative Cumulative
Size | gms Retained % Retained
3/ 8 0 0

#4 151 3

#8 50.4 10

#16 119.9 23

#30 289.1 56

#50 434.2 84
#100 490.9 95

Pan 504.0

Step 2 Determine the Fineness Modulus Index

The Fineness Modulus (F.M.) is defined mathematically as the sum of the cumulative
percentages retained on standard sieves divided by 100.

FM.Index= 0+3+10+23+56+84+95= 271 =271
100 100
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Fineness Modulus Work Problem 1

Complete the following sieve analysis to determine if this sample of 2S material for use in
concrete meets minimum Specifications. This sample was taken at the job site prior to use.
Calculate the Fineness Modulus (F.Mfxlas material.

Total weight of sample (ovedried)  =573.0 grams
Weight of sample (after washing #200%57.4 grams

Sieve | Cumulative Cumulative Percent NCDOT Specs.
Size | gms Retainec % Retained Passing (% Passing)
3/ 8 0 100
#4 0 9571 100
#8 22.9 80-100
#16 171.9 457 95
#30 286.5 251 75
#50 429.8 51 30
#100 521.4 071 10
Pan 557.4
Passing #200 (wash method)
#200 | | | | 0i 3

Determine the F.M. Index =

Based orthe F.M. Index, this material is rated as a Sand.

A. Coarse
B. Medium
C. Fine
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AGGREGATE QC PROCESS FLOW CHART

Take 1 sample from
production stockpile,
based on materialspecific

rules

Record test results

\ 4

Record test results

Investigate the cause

failure. Take corrective
action and record info.

of

A 4

Take check sample

[
>

Set aside half of sample for QA
testing at a Department facility

Investigate the cause of
failure. Take corrective
action. Notify Department

A 4

YES

Record test results and
reason why original ample

Take second check

sample

failed

Y

Resume regular
testing

Notify Department. Stop
shipment of materials
used for Department only.

\ 4

procedures

Record test results

A 4

Resume regular
testing procedures
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CLEAN COARSE AGGREGATE AND FINE AGGREGATE QA PROCESST FLOWCHART

The following flowchart summarizes the QA procedures for sampling and testing clean coarse
and fine aggregate.

Department Representative
visits quarry

A 4

Obtains, samples of products
that have been shipped to
the Department

\ 4

Sample taken to Department
facility and tested

Sample
within
tolerance?

Investigate until source of
difference is determined

YES v
Record results of

investigation on
Recordtest results Plant QA Form
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Example of QC Sampling

Scenario: Beginning the second week ofulay Hard Rock Quarry begins shipping 57M for the

first time this calendar year. This material is being shipped to a local concrete producer, asphalt
producer, and Department maintenance facility. Based on production and amount of material
ordered thignaterial will be shipped for approximately the next 3 weeks. The following tables
summarize the tonnage shipped each day along with number of samples and sample numbering.

Week 1 of shipping 57M (for the calendar year)
Day Quantity Shipped| Destination Samples Remarks
Monday 650 tons Concrete and | QC-1 First s_ample of
Asphalt material for year
Concrete, Asphalt No sample
Tuesday 855 tons and DOT
Concrete, Asphalt QC-2
Wednesday 2,020 tons and DOT
Concrete, Asphalt No samge
Thursday 1,220 tons and DOT
Friday 600 tons Concrete and | QC-3 Close out the week
Asphalt

During Week 1 of this scenario 5,345 tons of 57M was shipped. Based on the minimum

sampling frequency of one sample per 2,000 tons, 2.67 samples are required. In order to prevent

a postble shortage of samples wgonglyr e commend ficl osi ng out o
this example, 3 samples are obtained and tested.
Week 2 of shipping 57M
Day Quantity Shipped| Destination Samples Remarks
Monday 4.220 tons Concrete and | QC-3, QG4
Asphat
Concrete, Asphalt QC-5, QG6
Tuesday 3,320 tons and DOT
Concrete, Asphalt QC-7, QGS8
Wednesday 4,140 tons and DOT
Concrete, Asphalf QC-9 Total tonnage for wee
Thursday 2,125 tons and DOT 13.805 tons
Friday 1,020 tons Concrete and | QC-10 Close out the week
Asphalt
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During Week 2 of this scenario 14,825 tons of material was shipped. Based on the minimum

sampling frequency of one sample per 2,000 tons, 7.41 samples are required. In order to prevent

a possible shortage of samplesstmnglyr e commend ficl osi ng out o
this example, 8 samples are obtained and tested.

Week 3 of shipping 57M
Day Quantity Shipped| Destination Samples Remarks
Monday 0 tons No sample
Tuesday 100 tons DOT No sample
Wednesday 100 tons Concrete No sample
Thursday 40 tons DOT QC-11 1 sample per week

QC-12 Split Sample (QAL2)

Friday 0 tons obtained when Departmer

representative visits plant

During Week 3 of this scenario 240 tons of material was shipped for the weekghTlees than
2,000 tons of material was shipped this week a minimum of one sample is required if any
material is shipped. QC2 obtained on Friday was required due to visit by a Department

representative.
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TEST PROCEDUREST AGGREGATE BASE PRODUCTS
1. Types of Aggregate Base Products

Aggregate Base Gurse (ABC) consists of a welyjraded blend of fine and coarse aggregate
particles. When ABC is placed meeting the required specifications and compacted to the
minimum density requirements, it functionsassexcellent foundation for the pavement
structure. The major structural function of an aggregate layer serving as a pavemenirisase co
or subbase is to distribute the stresses applied to the pavement surface from traffic loading.
Aggregate Base @mse can provide sufficient strength and rutting resistance to maximize
bearing capacity and reduce rutting failure within the pavement layers. A quality ABC layer can
also provide additional benefits such as, controlling pumping, reducing frost actioayimngpr
drainage of surface or subsurface water, controlling volume change in the subgrade when
expansive soils are present, and minimizing the lateral movement of the flexible pavement
system.

Cement Treated Base Course (CTBC}p an aggregate base maaéwwith the addition of
cement and is generally used on highways with high traffic volumes. CTBC offers the same
benefits a®ABC; however, the addition of cement provides a higher strength or bearing capacity.

Aggregate Base Course (Modified) (ABEM) is an aggregate base type product with a different
gradation specification when compared to ABC. ABGs generally used for maintenance
stabilization.

Stabilizer Aggregate (SA)is an aggregate base type product with a different specification
requirementvhen compared to ABC. SA is generally used on construction projects for subgrade
stabilization.

2. Types of ABC

Type A ABC i Production Pile. Type A ABC is ABC from a production pile. A production

pile can have new material added while existing medtes being shipped to a customer.
Procedures for accepting material, taking roadway assurance check samples, correcting material,
applying penalties, and rejecting material are provided in Exhibit I.

Type B ABC i Approved Stockpile. Type B ABC is ABCthat is used to build an Approved
Stockpile. An Approved Stockpile differs from a production pile in that specific procedures
must be followed as it is constructed. Additional information regarding Approved Stockpiles is
provided in Exhibits | and J.

When sampling aggregate base material, the sample is obtained from a stockpile, conveyor belt,
or any other location approved by the Department according to established procedures and taken
to the laboratory. When sampling aggregate base material, fifilsampling procedures listed

in Exhibit C.
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Each sample should be clearly identified by a properly filled out Sample Identification Card, see
Exhibit D.

Use the procedures for splitting a sample (using a splitter) listed in Exhibit D.

The Quality Conwl (QC) Sample, when approved by the Department on-®gitée basis, may

be force dried as long as care and judgment are taken to avoid overheating. When rapid drying a
sample, follow procedures listed in Exhibit E. If the quarry is required bye¢partment to test

for Plasticity Index (P.l.) then the sample must be driedtatperature not exceeding %0 or

140°F.

3. Test Procedures Aggregate Base Products
Sieve Analysis Procedures Aggregate Base Products (AASHTO T 27)

Test Procedures

1. Once the sample is dried to a constant mass it is allowed to cool to the
touch prior to proceeding with any testing procedures.

2.The 1 10, %y, #1d6,anido,#10 sieves are placed
smallest openings on lotn and largest openings on top. A pan is placed in the shaker to
catchthe# 1 0 mat er i a¥sd sTiheev dld arned not necessary
are inserted to prevent overloading other screens.

t

3. Weigh and record the weight of the sample.

4. Place the sample in the mechanical shaker and agitate for 10 minutes.

5. Carefully remove each sieve, weigh and record the retained material using the following
steps:
a. Weigh and record material retained on the
b. Add retainedsimavertialtfieom itdhhemdweri al
c. Weigh and record the cumul ative weight of
d. Add retained material from the IJO0 sieve 't
e. Add retained material from the 10 sieve t
fWei gh and record as the cumul ative weight o
g. Add retained material fromtig0 si eve t o @arMl& I1maitoer iladl,. 1Jo,
h. Add retained material from the #4 sieve t
i. Weighand record the cumulative weight of material retained on the #4 sieve.
j. Add retained material frds,taad# 3@ saeee i

k. Weigh and record the cumulative weigh of material retained on the #10 sieve.

I. The- #10material in the shaker pan is reduced by splitting to a sample size of
approximately8007 1200 grams and placed in a sample can. This samplé&1d
material is usetb determine the percent passing the #40 and #200 sieves andirgdeq
the Liquid Limit (L.L.) and Plasticity Index (P.1.).
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Split sampleuntil a minimum 0f300 gramsis obtainedThe remaining #10 material is set

aside for determining Liquid Limit and Plasticity Index if required.

Weigh and record weighf sample (Total Dry Wt., prevashing).

Place sample inontainer and cover with water

. Using a large spoon vigorously agitate contents within the container to assure a thorough

separation of material finer than the #200 sieve from the coarser particles.

10.Immediately pour the wash water over a nest of sieves that are arrangédtewitiarser sieve
on top (ex. #8 # 16 plus the #200 sieves).

11.Care should be used to avoid pouring the coarse particles out of the container.

12. Add water as previously describadd repeat steps fromi9.1.

13.Repeat this process until the wash water is clear.

14. All material retained on the nested sieves shall be returned to the container.

15.The washed aggregate shall be dried to a constant mass at a temperatufeCof+#18° C
[230°F (+/-9°F)]. If using the Rapid Dry method follow procedures in Exhibit D.

16.0nce the sample is dried it must be allowed to cool to the touch prior to performing any
additional tests.

17.Weigh and record weight of the sample (Total Dry Wt.., afteshing). Calculate the percent
passing the #200 sieve.

18.Place sample in a mechanical shaker with a nest of sieves, including a catch pan, and cover
plate. Tl sieve sizes are as follows:0¢3/40, #100, and #200 (place sieves with the largest
openings ondp andthe smallest on bottom). The Gt&nd #100 are included to prevent
overloading of the sieves.

19.The sample is screened for 10 minutes in the mechanical shaker.

20. Add the material retained on theG#8ieve to the material retained on the #40 sieve.

21.Weigh and record the material retained on the #40 sieve

22.Add the material retained on the #100 sieve to the material retained on the #40 sieve.

23.Add the material retained on #28igve to the #40 and #100 material.

24.Weigh and record the cumulative material frdme #40, #100, and #200 sieve to determine
the cumulative weight retained on the #200 sieve.

25. Verify mass of sample after sieving is within 0.3% of mass placed on nest of sieves.

26. Calculate the cumulative percent retained on each sieve to the #10 sieve

27.Calaulate the percent passing each sieve down to the #10 sieve

28.Calculate the cumulative percent retained on the #40 and #200 stl@ haterial or Soil
Mortar).

29. Calculate the percent passing on the #40 and #200ssieve

30.Complete the gradation results wittetpercent passing for each sieve (top to bottom).

31.When reporting the #200, use the percent passing the #200 sieve by wash.

© o N
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Example of Calculating Percent Passing:

Assume this sieve analysis is performed on ABC. The total weight of the (dry) samplerused
the sieve analysis #1.4 Ibs

Step 1- Determine Cumulative Percent Retained for each sieve:

Cumulative Percent Retained = Cumulative Wt. retained x 100
Total dry Wt. of sample
Exampl e of 10 Si eRewine@ 2Bx110(x =6 Wretainece r c e n t
41.4

Sieve | Cumulative | Cumulative
Size | Ibs Retained Percent Retained
1 i 0 0
10 2.3 6«
) 13.3 32
#H4 23.7 57
#10 29.1 70
Pan

Assume this sieve analysis for th#10 (Soil Mortar) materidbegan with a dry weight &20.0
grams

Step 2- Determine Cumulative Percent Retained for the #40 and #200 sie¥&3 (aterial or
Soil Mortar):

Cumulative Percent Retained = Cumulative Wt. retained x 100
Total dry Wt. of sample

Example of #40 Sieve
Cumulative percent retained153.6 x 100 =48 % retained
320.0

Sieve | Cumulative | Cumulative
Size | gms Retained| Percent Retaine
#40 153.6 48 «
#200 227.2 71
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Step 3- Determine Percent Passing for each sieve:
Percent Passing = 100 i Cumulative Percent Retained

of 10 Sieve
1007 6 =94 % passing

Exampl e

Sieve | Cumulative Cumulative Percent
Size | Ibs Retained Percent Retaine( Passing
1 0 0 100 /
10 2.3 6 94"
| o 13.3 32 68
#4 23.7 o7 43
#10 29.1 70 30

Example of #40 Sieve (Soil Mortar):
1007 48 =52 % passing

Sieve | Cumulative Cumulative Percen
Size | gms Retained Percent Retaine Passiog
#40 153.6 48 52"

#200 227.2 71 29

Step 4i Determine Percent Passing for each sieve (total sample):

Percent Passing Total Sample (#40) = Percent Passing #10 x Percent Passing
#40 x 100

Example: % Passing #40 (total) = 0.30 x 0.52 x 100 = 1516 66 Passing
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Percent Passing Total Sample (#200) = Percent Passing #10 x Percent Passing
#200 x 100

Example: % Passing #200 (total) = 0.30 x 0.29 x 100 = 89/6rPassing

Sieve Percent
Size Passing
1 i 100
10 94
I o 68
#H4 43
#10 30
#40 16
#200 94~
Soil Mortar
#40 52
#200 29

Sieve Analysis ABC Work Problem 1

Assume the following results represent sampleZDC Determine the percent passing for each
sieve (including Soil Mortar). The total weight of the sampl83s3 Ibsand a347.Qram
sanple was used to test the soil mortar (#40 and #200 sieves).

Sieve | Cumulative Cumulative Percent
Size | Ibs Retained Percent Retaine( Passing

1 0
10 4.9

I o 28.0

#4 46.9

#10 55.1

#40 | e | -
#200 | - | e

Soil Mortar

#40 180.4gms

#200 | 252.2gms
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Sieve Analysis ABC Work Problem 2

Assume the following results represent sampleZ2C Determine the percent passing for each
sieve (including Soil Mortar). The total weight of the sampl8&lsl Ibsand a351.2gram
sample was used to test the soil mortar (#40 and #200 sieves).

Sieve | Cumulative Cumulative Percent
Size | Ibs Retained Percent Retaine( Passing

1 i 0
10 4.5
I o 27.8
#4 46.4
#10 54.8
#40 | - | -
#200 | - | -

Soil Mortar

#40 182.6ms

#200 | 262.7gms

Gradation Specificationsi ABC Work Problem 1

Using the results from Work Problems 1 and 2 {€8C& QC-21), determine if any of the two
sampling lot exceed$pecifications for Gradation. Place a single asterisk if a Gomda
Specification. The Specifications are provided aredalso listed in Tabled Exhibit I.

Sieve | Percent| Percent | Gradation| Gradation
Size | Passing| Passing Specs Specs
QC-20 QC-21 Column B Column C

1 1 100 987 100
10 7571 97 727 100
I o 557 80 517 83
#4 3571 55 3571 60
#10 2571 45 207 50
#40 147 30 107 34
#200 47 12 3113

Soil Mortar

#40 4071 84 3671 86

#200 11-35 10- 36

(*) - Gradation Specification exceeded
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Atterberg Limit (Liquid Limit and Plastic ity Index) Procedures

If the quarry has been identified by the Department as having potential problems with Liquid

Limit (LL) or Plasticity Index (PI), the Atterberg Lins must be determined for eacld@ tons

of material shipped. The Liquid Limit isfined as the moisture content at which a soil passes

from a plastic state to a liquid state and is determined by AASHTO T 89. The Plastic Limit is
defined as the moisture content at which a soil passes from a semisolid state to a plastic state and
is deermined by AASHTO T 90. The Plasticity Index (PI) is the numerical difference between

the Liquid Limit and Plastic LimitR.I. = L.L. 7 P.L.).

Obtaining - #40 Material

To determine the Atterberg Limits, use the remaini##@j0 material that was setides while
performing the sieve analysis (Step 5 k). Since the Liquid Limit and Plasticity Index are
determined on the#40 material, the sample must be separated into two parts. This can be
accomplished by sieving the material over a #40 sieve andlapaatc The fraction retained on
the #40 sieve shall be ground in a mortar with a rubbeered pestle or suitable mechanical
device in such a manner as to break up the aggregation of material particles without fracturing
the individual grains. If the sgple contains brittle fragments such as flakes of mica, fragment of
sea shell, etc., the grinding operation shall be done carefully and with just enough pressure to free
the fragments from adhering to particles of finer material. After grinding the satripl® be
re-sieved over the #40. The grinding and sieving process are repeated until the following
conditions are met:

1 Repeated grinding only produces a small amounttdD material

1 Rubbing the + #40 material between the thumb and forefinger teditdae

material is clean

Once clean, the remaining + #40 material is discarded- #4@ material (in catch pan) is
thoroughly mixed and placed into a sample can. This sample will be used to determine the
Liquid Limit and Plasticity Index and should bkearly identified.

Inspection and adjustment of Atterberg (or Liquid Limit) Device

The Atterberg Device shall be inspected to determine that it is in good working order, that the pin
connecting the cup is not worn sufficiently to permit side play;ttiescrews connecting the cup

to the hanger arm are tight; and that a groove has not been worn in the cup through long usage.
The grooving tool shall be inspected to determine that the critical dimensions are as shown in
Figurel.

By means of the gauga dhe handle of the grooving tool, and the adjustment plat H

Figure 1, the height to which the cup C is lifted shall be adjusted so that the point on the cup
which comes in contact with the base is exactly 1 cm (0.3937 in.) above base. To adjust for the
one centimeter lift, the strike point on the cup must be determined. To determine the strike point,
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place carbon paper between the cup and rubber base and turn the handle several times to get a
carbon mark on the bottom of the cup. Place a piece of sagelacross the middle of the

carbon mark and slide the handle of the grooving tool until it touches the tape. The adjustment
plate H shall then be secured by tightening the screws, I. With the gauge still in place, the
adjustment shall be checked byakring the crank rapidly several times. If the adjustment is
correct, a slight ringing sound will be heard when the cam strikes the cam follower. If the cup is
raised off the gauge or no sound is heard, further adjustment shall be made.

Brass

Shaft - (*) 76.2 mm

>

222 mmR

End Square

Grooving Tool

LI

g/"t

et — X, —]

Hard Rubber

li_-lll-l
przzzz727]

vZ7z772

2 =%

Figure 17 Atterberg Device

Optional
Round end

25.4 mm Dia

7 Nominal

Atterberg Device
Cup Assembly Base

Dimension A B C N K L M
Description . . Cup at Cam

Radius | Thickness | Depth Follower | Thickness| Length | Width

of Cup| ofCup | Of Cup

to Base
Metric, mm 54 2.0 27 47 50 150 125
Tolerance, |, 0.1 0 15 5 5 5
mm
Grooving Tool
Curved End Gage

Dimension a b c d *e
Description Thickness Céétélg Width Depth Length
Metric, mm 10.0 2.0 13.5 10.0 15.9
Tolerance, | ) 01 | o1 02 | -
mm
Not e: Pl ate AHO may b earinglserewi(l} n e d or using (1) one sec
An additional wear tolerance of 0.1 mm shall be all owed f

Feet for base shall be of resilient material.
(*) Nominal dimensions.
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All tolerances specified are plus or minus-J-&xcept as noted abave

Liquid Limit Test Procedures (AASHTO T 89)
No Liquid Limit results required if test cannot be perforriezl the material is neplastic)

1. Verify the Atterberg Device is calibrated for a 1 centimeter drop of the brass cup.

2. Thoroughly mix and obtaiB0 to 100 grams of the#40 material and place it in an
evaporating dish.

3. Add water to the sample in the dish.

4. Mix the sample and water together with a spatula by stirring and kneading the sample.

5. If needed, continue adding water and mixing until the $ammear the Liquid Limit
(based on judgment and experience of person conducting test).

6. Using the spatula, place material in lower half of the brass cup using as few strokes as
possible (excess strokes will bring the water to the top of the sample).

7. Using the spatula strike off the sample to a depth of 1 centimeter in the cup.

8. Using the grooving tool, make a groove in the sample from the top to the bottom (verify
the sample and grooving tool blade are the same depth).

9. Attach the brass cup to the Atterpddevice.

10.Turn the crank 25 times at a rate of approximately 2 turns per second.

11.1f the sample comes or flows togetheronthé83 ow bet ween 10 to |0 i
the material is considered to be at its liquid limit. If this does not occur on tHal %
then the sample will have to be dried or more water added to reach the liquid limit.

12.1f repeating these steps to achieve the liquid limit, thoroughly clean and dry the grooving
tool and brass cup between each series.

13.1f the requirements are met,euthe spatula to obtain a slice of material which flowed
together by cutting at right angles to the groove from edge to edge (approximately 30
grams).

14.Place the sample into a moisture can or watch glass of known weight.

15.Weigh and record the weight of thansple.

16.Place the sample in an oven set at ACA+/- 5 °) or 230° F (+/- 9 °) for three hours or
until dry.

17.Carefully (Caution: Hot) remove sample from oven.

18.Place glass on top of container to determine if moisture is forming on the glass. If
moistureforms, place sample back in oven. Repeat this process until sample is dry.

19.If dry, allow sample to cool to room temperature.

20.Weigh and record weight

21.Calculate percent of moisture and record

22.Discard material
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Plastic Limit Test Procedures (AASHTO T90)

Since the moisture content for the Liquid Limit is higher than the Plastic Limit this procedure
will dry the sample back to the moisture content at which the material remains platsigc.
Liquid Limit test cannot be performed, report the Platsticidex (P.1.) as noplastic (N.P.).

©oOo~NOo

Take the remaining material in the brass cup (from Liquid Limit test) and form it into a
ball (approximately 15 grams).

. Break the ball into 4 approximately equal ellipsoidal masses and place each on unglazed

paper.

Using your fingers, roll each ellipsoidal
diameter thread. Use only minimal pressure with your fingers and roll at an angle.

Repeat the rolling process on the paper until the material crumbles beftré reag a 1/ 8 0
diameter thread.

Once the first piece is rolled down collect and set it to the side. Repeat this procedure

with each of the remaining (3) pieces (Steps 3 and 4). Note: Use clean paper for each

ma s s -dfiorwonlol.

Reroll the total sample intone ball with youfingertips

Place the sample into a moisture can or watch glass of known weight.

Weigh and record the weight of the sample.

Place the sample in an oven set at ACA+/- 5 °) or 230° F (+/- 9 °) for three hours or

until dry.

10. Carefully(Caution: Hot) remove sample from oven.
11.Place glass on top of container to determine if moisture is forming on the glass. If

moisture forms, place sample back in oven. Repeat this process until sample is dry.

12.If dry, allow sample to cool to room temptrnee.
13.Weigh and record weight.

14.Calculate percent of moisture and record.
15. Discard material.

Formulas/Calculations- Liquid Limit, Plastic Limit, and Plasticity Index:

Liquid Limit (LL) = (Wt. cup and Wet Soil i_W1t. cup and Oven Dry Soil) x 100

Wt. of Oven Dry Soil

Plastic Limit (PL) = (Wt. Cup and Wet Soil i_Wt. Cup and Oven Dry Soil) x 100

Wt. of Oven Dry Soil

Plasticity Index (PI) = Liquid Limit i Plastic Limit
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Example of Liquid Limit, Pl astic Limit, and Plasticity Index

Liquid Limit Results (Wt. in grams)

Wt. of | Wt. of Cup | Wt. of Cup & | Wt. of Dry | Wt. of
Cup | & Wet Sail Dry Soil Soll Water

66.3 86.0 82.2 15.9 3.8

Liquid Limit (LL) = (86.0i 82.2) x 100 =23.8
15.9

Plastic limit Results (Wt. in grams)

Wt. of | Wt. of Cup | Wt. of Cup & | Wt. of Dry | Wt. of
Cup | & Wet Sail Dry Soil Soll Water

63.1 75.0 72.9 9.8 2.1

Plastic Limit (PL) = (75.0i 72.9) x 100 =21.4
9.8

Plasticity Index (PI) = 23.8i 21.4 =2.4

Based on theesults of this example a Liquid LimiLl( ) of 24 and a Plasticity Index®() of 2
would be reported.

Once the calculations are completed determine if the results exceed any of the Specifications for
Liquid Limit (LL) or Plasticity Index (PI) and recotttie results on the appropriate form.

Procedures for accepting material, taking roadway check samples, correcting material, applying
penalties and rejecting aggregate base material are provided in Exhibit 1.
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AGGREGATE BASE COURSE PRODUCTS QA SPLIT SAMPLE PROCESST FLOWCHART

The following flowchart summarizes the (@plit sampleprocedures when sampling and testing

an aggregate base type product. Refer to Exhibit F for tolerances between QC and QA test
results.

Department Representative
obtains split half of QC sample
and takes it to Department
Laboratory

\ 4
QA sample tested

Reject material and perform
further investigation

Investigate source of

difference
/

QA and QC

test results
within

tolerances

Take another set of QA and QC
_ QC/QA comparison test results
Difference samples with within
between Department tolerances
test results representative
resolved
Record test results
lYES
l YES Accept material

Record results of the
investigation on Plant QA
Form

Problem with

Problem

sa?"lpltl_ng or with
esting produc
procedures

Notify the certified technician. Producer needs to take corrective
If problem continues, action. If problem continues,
certification may be revoked producer s appr
material to the Department may
be revoked
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SAMPLE SELECTION , NUMBERING AND | DENTIFICATION

A verifiable random selection process must be used when sampéisg coursematerial.
Randomly selecting a sample location prevents biased sampling amgle procedure using
random numbers can accomplish this task. An example of computer generated numbers may be
as follows:
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For random numbersise ASTM random number charts, random numbers provided below or any

other mé¢hod approvedy Materials and Tests.
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CALCULATING RANDOM LocATION TYPE A AND TYPE B ABC
Type A ABC Random Numbers Calculation
Each sampling lot is to be 2,000 tons.

The following example demonstrates how random numbers are used to deterntorendge
where each sample is to be taken for Type A ABC:

Step 1- Random numbers: 1234 «— (column numbers)
295
4167

Step 2- Calculate tonnage for the sample withie tirst 2,000 ton lousing a random number
from columns 1 and 2 above. In this example the number is 29. Place a decimal in front to get
the random number @29 Multiply the random number by the tonnage as shown below:

2,000 tons x 0.29 8§80 tors (Pull the sample)

(random numbers)

Step 3i Strike a line through the random number 29 (do not use again). Go to the next random
number (52) when caltating the tonnage for the next sampling lot

This process would be repeated for each sample.
Type B ABC Random Numbers Calculation

The following example demonstrates how random numbers are used to determine the location in
the stockpile where each sample is to be taken for Type B ABC:

Step 1- Random numbers: 1234 «—(column numbers)
295
4167
2730 (random numbers)

Since the sample will be taken from a Type B ABC stockpile, the width and length of the pile
will be used to determine sampling locations. For this example the pile is 200 feet in lehgth an
100 feet in width.
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Step 2- Calculate the random length for the sample using a random number from columns 3 and
4 above. In this example the number is 52. Place a decimal in front to get the random number of
0.52 Multiply the random number by therigth of the pile (refer to the calculations below).
Determine a random width by using a random number from columns 1 and 2 above. In this
example the number is 41. Place a decimal in front to get the random nurBb&t dfultiply
the random numbetrytthe width of the pile (refer to the calculations below).

200 feet x 0.52 404 feet length

100 feet x 0.41 41 feet width

Step 3i Measuring the calculated distances from a fixed reference point on thecpiien the
point for thesample. Onca reference point is established it must remain the same until the pile
is approved by th&eomaterial&€ngineer.

Step 41 Strike a line through the random numbers 52 and 41 (do not use again). Use the next
numbers in the sequence (67 and 27) whenulzlng the next sample location.

This process would be repeated for each layer of the stockpile until the pile is completed and
approved by th&eomaterial&ngineer.

Random selection and numbering ABC sampleis Example

Assume: A quarry has been awadlda contract to supply ABC for a construction project this year
and begins shipping March 15. This is the first ABC shipped for the calendar year. Based on the
number of trucks and location of the project the Contractor is projected to place apprgximate
2,000 to 3,000 tons per day. In addition to this project maintenance trucks of the Department are
obtaining ABC. Based on calculations the tonnage a sample is to be taken and the sample
number would be as follows:

Random Numbers:1 2 3 4(column nunber)
5870
9263
2002
9568
8243

Day Tonnage | Tonnage Based on random # the following samples would| Remarls
shipped | Shipped obtained (daily cumulative tonnage sample is taken
cumulative

Monday | 2,800 2,800 QC-1 (1160) QC-2 pulled on
Tuesday

Calculations: QC-1 = 2,000 tons x 0.58 £160 tons
QC-2=2,000 tons x 0.70 = 1400 tons + 2,000 torg490 tons(pull sample the
following day)
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Day Tonnage | Tonnage Based on random # the following samples would| Remarks
shipped | Shipped obtained (daily cumulative tonnage sample is taken
cumulative
Tuesday | 2,900 5,700 QC-2 (3400) QC-3 pulled on
Wednesday

Calculations: QC-3 = 2,000 tons x 0.92 = 28 tons + 4,000 5840 tons(pull sample the
following day)
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VI. References

Standard Specifications for Transportation Materials and Methods of Sampling and TestingAmerican
Association of State Highway and Transptidn Officials
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ExHIBIT N QC/QA PROGRAM CONTACT INFORMATION

Chris Peoples, BE.

State Materials Engineer

Materials and Tests Unit

1801 Blue Ridge Rd.

Raleigh, NC 27607

(919) 3294000 (phone)

(919) 7338742 (fax)
Website:https://connect.ncdot.gov/resources/Materials/Pages/default.aspx

Contact- information regarding sapling or testing procedure®C/QA Class schedulingr the
Program (i.e. getting on the Program, PhgfsRroperties List, Equipment Wavier, etc.)

StateGeoMaterialsEngineer
MehdiHaeri

(919) 3294150 (phone)
(919) 7338742 (fax)
mheari@ncdot.goemail)

Contacti information regardingdiCAMS/QAP

Information Sgtems Liaison
Francine Ward

(919) 329HELP (4357) (phone)
(919) 7338742 (fax)
fdward@ncdot.gov(email)

Information regarding the QC/QA Aggregate Sampling and Testing Class Schedule can also be
found on theNCDOT Materials and Testgnit website.

https://connect.ncdot.gov/resources/Materials/Pages/SoilsLaboratoryTrainingSchools.aspx
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